Adults of Drosophila hydei react differently towards ethanol and propan-2-ol treatment. Ethanol concentration rises progressively in ethanol fed flies and the acetaldehyde produced is quickly metabolised. Alcohol dehydrogenase and aldo-keto reductase activities rise considerably after 48 hours of ethanol treatment decreasing progressively afterwards. In propan-2-ol treated flies propan-2-ol concentration rises in the first 72 hours after ingestion and the acetone produced tends to accumulate in the flies but eventually it is excreted. Alcohol dehydrogenase activity decreases markedly whereas aldo-keto reductase activity is induced by three-fold after 72 hours. Cycloheximide treatment inhibits the recovery of alcohol dehydrogenase activity of propan-2-ol treated flies when transferred to normal medium.
INTRODUCTION
Alcohols are usual components found in natural environments of some species of Drosophila (McKechnie and Morgan, 1982) . So, the effects of ethanol and propan-2-ol have been studied in D. melanogaster (Van Delden, 1982) D. funebris and D. immigrans (Gonzàlez-Duarte and Vilageliu, 1984; Vilageliu and Gonzàlez-Duarte, 1984 ) D. lebanonensis and D. buzzatii (Fontdevila et a!., 1980) . It is also well known that alcohol dehydrogenase (ADH) plays a crucial role in alcohol metabolism catalysing the conversion of primary and secondary alcohols to aldehydes and ketones. Species differ in their alcohol tolerance and this has been attributed to their ADH activity. The same effect has been described for different alleles at the alcohol dehydrogenase locus in D. melanogaster (Vigue and Johnson, 1973) .
But, the amount of information concerning ADH activity changes in flies reared on ethanol or propan-2-ol contrasts with the lack of information about other enzymes involved in alcohol tolerance and alcohol adaptation in Drosophila. Also, metabolites produced after alcohol oxidation have not been determined and they could shed light on enzyme activities needed to produce them. Concerning other enzymes than ADH, an enzyme activity analogous to a mammalian NADPHdependent aldehyde reductase (AKR) has been reported in Drosophila (Davidson el aL, 1978) .
This enzyme can use acetaldehyde and acetone as substrates and AKR activity is detectable in D. melanogaster ADH-nuIl and AO-null and in D.
hydei wild type flies (Atrian and Gonzàlez-Duarte, 1985) . The study of the evolution of both enzyme activities together with the quantification of alcohols and their oxidation products in the flies as well as in the external media could help us understand alcohol metabolism in Drosophila. So, one of the aims of the current study has been to obtain information concerning ADH and AKR activities in ethanol and propan-2-ol treated flies and to quantify alcohols and metabolite concentrations after long periods of alcohol treatment.
Another point which deserves interest is the recovery of ADH activity of propan-2-ol treated flies when transferred to normal medium. It has been claimed that acetone produces a temporary decrease of ADH activity by causing an interconversion of isozyme forms (Papel et a!., 1979) but there is no satisfactory explanation at present of the increase in enzyme activity that follows transfer of the flies to non-alcoholic medium. An experiment has been set to test whether the rapid adaptation of propan-2-ol treated flies to an alcohol-free environment is due to re-activation of pre-existing enzyme molecules or new synthesis of enzyme.
MATERIALS AND METHODS

Materials
A wild population of D. hydei was caught in 
Alcohol treatment
Groups of 20 adults (3-4 days old) reared at 17°C on a killed yeast medium were transferred to airtight 50 ml vials containing 2 ml of an aqueous solution of 3 per cent (w/v) sucrose and a given concentration of ethanol or propan-2-ol. This solution was absorbed into cotton wadding at the bottom of the vial. Cultures were then kept at 20°C.
Vials were opened at 4°C at different times and enzyme activities and alcohol, acetaldehyde and acetone concentration were determined in the flies.
All cotton wadding was also immediately transferred to an airtight vial at 4°C to quantify these compounds in the external medium by gas-liquid chromatography (g.l.c.).
In another experiment groups of 20 adult flies that had been kept on 1 per cent (v/v) ethanol or O5 per cent (v/v) propan-2-ol for 24 hours as has been described were transferred to airtight 50 ml vials containing 2 ml of 3 per cent (w/v) aqueous solution of sucrose and 05 per cent (w/v) cycloheximide. This solution was also absorbed into cotton wadding at the bottom of the vial. Control vials had the same number of flies and sucrose solution without cycloheximide.
Preparation of the samples To prepare the samples all adults of each vial were weighed and homogenised in 100 mM sodium phosphate buffer, pH 70 at 4°C using 0013 ml buffer per mg of wet weight of flies. Afterwards O14 ml of 2 per cent (w/v) salmine sulphate in buffer were added per ml of solution and the homogenate was then centrifuged at 12,000 g for 20 mm at 4°C. The supernatant was used to determine enzyme activities and for g.l.c. analysis and the pellet was discarded.
Gas chromatography A Perkin-Elmer gas chromatograph (SIGMA 3B, SIGMA 15) equipped with flame ionisation detector was used to quantify ethanol, propan-2-ol, acetaldehyde and acetone. Samples were run in a stainless-steel column (2 m x 31 mm) packed with Carbowax-1500. A head space accesory (HS 6) was also used for more precise injection of sample.
Sample is introduced at once pressurised by inert gas so that sample manipulation is completely avoided. This type of equipment has been used previously in routine analysis of alcohols in blood (Jentzsch, D. et al., 1967) but up to now has not been reported in Drosophila studies. The conditions of a routine analysis were as follows: headspace unit temperature 60°C; pressurisation time 4 mm; injection temperature, 150°C. Gas flow was the following: N2, 30 mi/mm; H2, 20 mi/mm and air, 25 mi/mm. Fig. 1 gives the g.l.c. output of the standards with retention times and relative response factors.
At the times indicated in the experiment all cotton wadding or 05 ml of sample solution were transferred to air tight vials. 1 per cent (v/v) tertbutanol was added as internal standard: 02 ml to cotton wadding vials and 01 ml to sample solutions. Samples were kept at -40°C until required. All determinations were done at least in triplicate with independent samples. propan-2-ol ( fig. 4) . It has been claimed that this decrease of activity observed in the case of propan-2-ol was due to a change in the relative proportion of the multiple forms of ADH favoured in the presence of a variety of carbonyl compounds (Papel et a!., 1979) and this in fact has been reported in several Drosophila species (Vilageliu and Gonzàlez-Duarte, 1980; Van Delden, 1982) . It is also known that propan-2-ol treated flies would recover normal levels of enzyme activity when transferred to the usual medium. The same hap- pens when acetone treatment is stopped; normal ADH activity is regained after 8-9 days (Papel et aL, 1979) .
On the other hand it has been reported that cycloheximide is a potent inhibitor of protein Below. Acetone (•) and propan-2-ol (A) concentrations in the internal medium (xlOO); acetone (0) and propan-2. ol (A) in the external medium. Propan-2-ol (U) and acetone (0) in control vials without adult flies. Internal concentrations are expressed in mg per 50 mg of adult flies. Propan-2-ol and acetone in the external medium and in control vials is expressed in mg±S.E.M.
cent (Dingley and Maynard-Smith, 1968) . All these data led us to plan another experiment to determine if the increase in ADH activity was due to a) reactivation of pre-existing enzyme molecules or b) new synthesis of enzyme. If the second hypothesis was correct cycloheximide would severely affect the recovery of enzyme activity. 
DISCUSSION
The importance of ADH in alcohol metabolism in Drosophila is well known. This enzyme catalyses the first step in alcohol metabolism by the oxidation of alcohols to aldehydes and ketones. Presumably, other enzymes also participate in other steps of this metabolic pathway. Although much less Ethanol induces a moderate increase of AKR activity, 24 hour before that in control flies. Fig. 3 also shows the evolution of ethanol and acetaldehyde concentrations in the external and internal medium during the experiment. Ethanol concentration rises in the flies at the same time as it decreases in the external medium. So, ethanol is ingested and eventually metabolised in the flies. Acetaldehyde concentration is very low; it is a highly toxic compound to the flies and only an extremely low concentration could be tolerated without being lethal. The concentration of acetaldehyde that appears in the external medium cannot be easily explained at present; neither can the maximum value attained after 24 hours.
Propan-2-ol treatment is shown in fig. 4 D. buzzatii (Fontdevila et al., 1980) , D.
melanogaster, D. funebris and D. immigrans (Vilageliu and Gonzàlez-Duarte, 1980; Papel et aL, 1979) . The toxicity of propan-2-ol and acetone have also been studied (David et aL, 1981) . The increase in the activity of AKR seems to strengthen the argument for its involvement in the alcohol metabolism of Drosophila. The propan-2-ol and acetone concentration in the flies show an increase of both compounds during the first 72 hours. During this time acetone concentration does not show a continuous increase and possibly is again partially transformed to propan-2-ol due to AKR activity.
This effect has also been observed in larvae of D. melanogaster, D. funebris and D. immigrans grown in the presence of propan-2-ol (Vilageliu and Gonzàlez-Duarte, 1980; Gonzàlez-Duarte and Vilageliu, 1984) . Acetone concentration in these flies also reaches much higher values than propan-2-ol (David et a!., 1981) . The highest levels of acetone (72 hours) correspond exactly with maximum values of AKR activity and minimum values of ADH activity. When considering the external medium there is one point of importance: acetone concentration rises progressively. It seems that the acetone cannot be further metabolised in the flies, and has to be eliminated unchanged.
Our data suggest that cycloheximide treatment does not affect ADH activity in ethanol fed flies ( fig. 5 ), but the recovery of ADH activity is severely impaired in flies treated with propan-2-ol, suggesting that new synthesis of enzyme is responsible for this recovery, rather than interconversion of the different molecular forms or reactivation of preexisting molecules. In the absence of cycloheximide the level of recovery attained is just the same as that of ethanol treated flies where ADH activity had not been reduced. This seems to indicate that ADH, at least under these experimental conditions, is subjected to stringent controls that regulate its level of activity.
